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Introduction 
The chlorine content of U . S .  coals ranges from 0.01 to 0 . 5 % ,  

and some coals in U.K. contain as high as 1.0% ch1orine.l This 
element is present in the coal mainly as alkali chlorides, but it 
also occurs as oxychlorides of calcium and magnesium.2 
coal gasification or combustion, these chloride species are 
converted to HC1 vapor. Concentrations of HC1 vapor in coal gas 
have been found in the range 1 to 500 ~ p m . ~  The presence of HC1 
in the coal gas can lead to corrosion of metallic and ceramic 
components of the gasifier, attack gas turbine components and to 
poisoning of molten carbonate fuel cell electrodes. 

Energy's lead center for coal gasification and gas stream cleanup 
technology, has been concerned for some years with the 
purification of coal-derived gases for a range of applications 
including gas turbine, fuel-cell, and combined-cycle power 
generation. Removal of harmful impurities from the coal gas 
stream at elevated temperatures (>500'C) is necessary for 
achieving high thermal efficiency in such applications. 
the tolerance to HC1 level of fuel cells has not been determined 
accurately, it is typical to specify that fuel cell feedstocks 
should contain no more than 1 ppm HC1. Similar requirements may 
be necessary in turbine applications. Currently available 
processes for removing HC1 vapor operate at relatively low 
temperatures (T < 3OO0C) and thus they are not suitable for use 
with hot coal gases (T > 5OOOC). This paper presents the results 
of a laboratory-scale evaluation conducted at SRI International to 
determine the effectiveness of naturally occurring minerals and 
commercially available sorbents to remove HC1 vapor from simulated 
coal gas streams at temperatures from 550' to 650°C.4 

The thermodynamic stability and the volatility of the s o l i d  
chloride products were the major criteria in selecting the nature 
of the sorbent. Alkaline earth chlorides, generally, are less 
volatile than alkali metal chlorides and transition metal 
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c h l o r i d e s .  However, t h e  c a l c u l a t e d  e q u i l i b r i u m  p a r t i a l  p r e s s u r e  
o f  H C 1  over a l k a l i  metal c h l o r i d e s  were c a l c u l a t e d  t o  be lower 
than  those  over  a l k a l i n e  e a r t h  compounds (Table 1) .  I n  
cons ider ing  t h e s e  two f a c t o r s ,  a long  wi th  a v a i l a b i l i t y  i n  a 
n a t u r a l  form, sodium carbonate  based so rben t s  were judged t o  be 
supe r io r  t o  o t h e r  compounds. 

T a b l e  1 

EQUILIBRIUM PARTIAL PRESSURES O F  HC1 AND METAL CHLORIDES 
AT 900 K I N  PRESENCE O F  A SIMULATED COAL GAS 

Parent  Product  u r e  ( a t u  
Compound c h l o r i d e  (MC1) HC1 MC1 

Na2C03 NaCl 1 .5  x 3 .5  x 10-6 
K2C03 KC1 3 .0  x 8.0 x 10-6 
BaC03 BaC12 2.2 10-5 1 .5  x 
CaC03 CaC12 9.5 10-4 2.8 10-9 
SrC03 SrC12 1.5 10-4 2.2 x 10-11 

Three n a t u r a l l y  occur r ing  minera ls  and a commercially 
a v a i l a b l e  sorbent  were s e l e c t e d  f o r  eva lua t ion .  The tested 
minera ls  were n a h c o l i t e  (NaHC03) , s h o r t i t e  (Na2C03 - 2CaC03), and 
dawsonite (NaAl(OHlgCO3). The minera l  samples w e r e  p e l l e t i z e d  and 
ca l c ined  a t  60OoC. During c a l c i n a t i o n  t h e  m i n e r a l s  decomposed a s  
follows: 

2 NaHC03 --t Na2C03 + H 2 0  + C02 

Na2C03-2CaC03 + Na2C03.CaC03 + CaC03 

NaAl(OH)2C03 3 N a A 1 0 2  + C02 + H20 

The n a t u r a l  mine ra l s  a r e  cha rac t e r i zed  b y  low p e c i f i c  su r face  
a r e a s  and high l e v e l s  of a c t i v e  sodium components (Table 2 ) .  The 
commercial so rben t  was Katalco Chlor ide  Guard 59-3, manufactured 
by Katalco Corpora t ion ,  Oakbrook, I L .  This  product  i s  s o l d  t o  
remove c h l o r i d e  vapor  from n a t u r a l  gas  and l i g h t  hydrocarbon 
f eeds tocks .  The so rben t  con ta ins  a p r o p r i e t a r y  a c t i v e  sodium 
compound impregnated on a porous alumina suppor t  and shows a very 
h igh  s p e c i f i c  s u r f a c e  a rea  with a low l e v e l  of a c t i v e  sodium 
component. 
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/ Table 2 

PROPERTIES OF SORBENTS 

Bulk d e n s i t y  Surface  area ASCl 
Sorbent (9. cm-3 ) (m2.g-1) ( w t %  N a l  

Katalco Chloride Guard 59-3 0.76 247.0 4.7 
S h o r t i t e  1.46 0.25 15.0 
Nahcol i te  0.65 1.2 40.3 
Dawsonite 0.59 2.3 16.5 

IASC = Active sodium component expressed  as w t %  sodium. 

The reactivities o f  t h e  s e l e c t e d  s o r b e n t s  toward HC1 vapor  
were e v a l u a t e d  i n  a t h i n  bed, microreac tor  (Figure 1) under 
i so thermal  condi t ions .  A s imulated c o a l  g a s  of  composition 22% 
H2, 34% CO, 7% Cop, 36% H20, 1% H e  and 300 ppm HC1 was used  as a 
feedstock.  
t h e  i n d i v i d u a l  components us ing  mass flow c o n t r o l l e r s .  Glass or 
PTFE t u b i n g  w a s  used t o  minimize adsorp t ion  or i n t e r a c t i o n  of HC1 
vapor on t h e  tube  w a l l s .  Glass w a l l s  exposed t o  t h e  H C l  stream 
c o n t a i n i n g  steam was kept  hea ted  t o  180OC. The gaseous  e f f l u e n t  
leav ing  t h e  sorbent  bed w a s  analyzed f o r  HC1 by r e a c t i n g  it w i t h  a 
0 . 5  M NaHC03 b u f f e r  s o l u t i o n  and measuring the d i s s o l v e d  [Cl-] 
with  a c h l o r i d e  ion  selective e l e c t r o d e .  The cumulat ive 
concent ra t ion  of  t h e  [Cl-] w a s  c a l c u l a t e d  us ing  the Nernst  
equat ion  and the ins tan taneous  p a r t i a l  p r e s s u r e  of  H C 1  vapor  i n  
t h e  reactor e f f l u e n t  was c a l c u l a t e d  by d i f f e r e n t i a t i n g  t h e  
cumulat ive c h l o r i d e  concent ra t ion  wi th  r e s p e c t  t o  t i m e .  

The g a s  mixture  w a s  p repared  by meter ing and b l e n d i n g .  

The r e a c t i o n  of  t h e  sorbent  wi th  HC1 vapor y i e l d e d  s o l i d  NaCl 
as t h e  product :  

Nay203 + HC1+2NaCl + C 0 2  + H20 

The ra te  of r e a c t i o n  with t h e  sorbents  was r a p i d  i n i t i a l l y ,  b u t  it 
decreased wi th  t i m e  onstream. Even a t  a space v e l o c i t y  of 5 x l o 4  
h-1, i n i t i a l  r e s i d u a l  H C 1  vapor l e v e l s  of about 1 ppm were 
a t t a i n e d  wi th  a l l  t h e  t e s t e d  s o r b e n t s  (F igure  2 ) .  The ra te  o f  
removal of H C 1  and the c h l o r i d e  uptake c a p a c i t y  of t h e  s o r b e n t s  
were found t o  b e  a func t ions  of t h e  l e v e l  of i t s  a c t i v e  sodium 
component (ASC) and i t s  s u r f a c e  area (Table 3 ) .  Calcined 
n a h c o l i t e  and dawsonite, with t h e i r  h igh  ASCs and moderate sur face  

294 



Table 3 

CHLORIDE UPTAKE CAPACITIES O F  THE TESTED SORBENTS 

i t v  fwtu 
Sorbent 525'C 650'C 

Katalco Chlor ide  Guard 7.1 4.3 
Short  i t e  4.4 4 . 6  

Nahcol it e 52.5 52.5 

Dawsonite 21.9 18.0 

a r e a s  had high c h l o r i d e  uptake c a p a c i t i e s .  The ch lo r ide  capac i ty  
of s h o r t i t e  was the smallest of t h e  so rben t s  tested because of i t s  
low su r face  area i n  s p i t e  of i ts high ASC level. The capac i ty  of 
Katalco C h l o r i d e  Guard 59-3 was l imi t ed  by t h e  ASC l e v e l ,  al though 
i t s  s u r f a c e  a r e a  was v e r y  high. 

small  e f f e c t  on the r a t e  of HC1 removal by  s h o r t i t e  and nahco l i t e .  
S imi la r ly ,  t h e i r  maximum c h l o r i d e  uptake c a p a c i t i e s  were not 
a f f e c t e d  by tempera ture .  However, f o r  Katalco Chloride Guard and 
dawsonite t h e  up take  capac i ty  a t  650'C was less t h a n  a t  530'C. 
Since t h e s e  s o r b e n t s  con ta in  alumina, it is  l i k e l y  t h a t  a t  65OoC1 
the i n t e r a c t i o n  o f  the a c t i v e  sodium component w i t h  the  alumina 
present  i n  t h e  so rben t  decreased t h e i r  r e a c t i v i t y  wi th  H C 1  vapor. 

Under the exper imenta l  cond i t ions  usedl w i t h  very h igh  su r face  
a r e a  so rben t s  such  a s  Katalco Chlor ide  Guard, t h e  r a t e  of ch lo r ide  
uptake was c o n t r o l l e d  i n i t i a l l y  by gas  phase mass t r a n s f e r .  Mass 
t r a n s f e r  c a l c u l a t i o n s  ind ica t ed  t h a t  t h e  r a t e  of  HCl  vapor 
t r a n s f e r  from t h e  gas  phase (300 ppm) t o  t h e  s u r f a c e  of Katalco 
Chlor ide  Guard so rben t  a t  525OC would be about  2 x 
mole-g-l.s-l which compared favorably  wi th  t h e  measured i n i t i a l  
rate of 1 x 10-6 mole-g-1-s-l  a t  t h a t  temperature.  
exposuresl  t h e  r a t e  became l i m i t e d  by pore d i f f u s i o n .  E f fec t ive -  
nes s  f a c t o r  c a l c u l a t i o n s  i n d i c a t e d  t h a t  pore  d i f f u s i o n  could 
con t ro l  t h e  r a t e  of c h l o r i d e  uptake wi th  Katalco Chlor ide  Guard 
once t h e  e x t e r n a l  a r e a s  have been r eac t ed .  This r a t e  l i m i t a t i o n  
w a s  confirmed when l a r g e r  p a r t i c l e s  w e r e  found t o  r e a c t  more 
slowly than  sma l l e r  p a r t i c l e s 4  i n  t h e  s i z e  range of  0.05 t o  0.5 

/ cm. Rate c o n t r o l  by o t h e r  mechanisms such as chemical r e a c t i o n  a t  
t h e  i n t e r f a c e  o r  d i f f u s i o n  through t h e  c h l o r i d e  product l a y e r  
became predominant only when t h e  sorbent  was n e a r l y  s a t u r a t e d .  

I n  t h e  range o f  525' t o  65OoC1 t h e  t empera tu re  had only  a 

A t  longer  
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To determine the rate control mechanism with moderate surface 
area sorbents such as nahcolite, small quantities (0.1 g) of 
nahcolite were exposed to the gas mixture at a space velocity of 1 
X lo5 h-l for various periods of time and the accumulated chloride 
in the solid was measured. 
sorbent and the large flow rate, the concentration of HC1 vapor 
and the composition of the sorbent across the bed could be assumed 
to be nearly constant. The results of these experiments indicated 
that the rate of HC1 reaction with nahcolite was limited initially 
by mass transfer. However, beyond an initial period, chemical 
reaction at the interface controlled the rate through a major 
portion of the sorbent active life time as indicated by a linear 
correlation between the log of the unreacted fraction (1-x) of the 
sorbent and time (Figure 3 ) .  This behavior is to be expected 
because of the relatively fewer number of micropores in a moderate 
surface area material in comparison with a high surface area 
material. Hence, the shift from mass transfer limited rate to 
chemical reaction limited rate would occur earlier with nahcolite 
than with Katalco Chloride Guard. After about 80% of the 
nahcolite sorbent has been reacted, the rate control appears to be 
limited by diffusion through a chloride product layer as indicated 
by the non linear behavior in log (1-x) vs. time plot. 

Bench-scale experiments were also conducted with these 
sorbents at the Institute of Gas Technology, Chicago, IL.5 The 
rate of chloride uptake w a s  calculated from the analysis of the 
chloride content of the spent sorbent as a function of the bed 
depth. The results of bench-scale experiments were in general 
agreement with the laboratory-scale experiments although the HC1 
removal rate and the chloride capacities were somewhat lower than 
found in the laboratory-scale experiments. This may be due to the 
large particles used in the bench-scale study. Impurities such as 
H2S and trace metals did not affect significantly the rate of HC1 
removal or the chloride capacities of the sorbents. 

A preliminary economic analysis was performed at SRI to 
determine the cost of HC1 removal from hot coal gas.4 
using Katalco Chloride Guard was estimated to be too high 
(-$O.OZ/kWh) for use as throwaway sorbent. In contrast, the 
annual operating cost for the use of nahcolite was estimated to 
vary from $0.0017 to $0.0031/kWh depending on whether the gasifier 
is oxygen-blown or air-blown. In this annual operating cost, the 
capital investment and the capital recovery components are major 
cost factors whereas the cost of nahcolite sorbent and its 
chloride capacity have only a small impact. 

Because of the small quantity of the 

The cost of 

The reaction of HC1 vapor with calcined sodium-carbonate based 
natural minerals and synthetic sorbents is rapid and the HC1 vapor 
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concent ra t ion  can be reduced t o  about  1 ppm level i n  c o a l  gas  i n  
t h e  temperature  range of 525' to 650'C. 
c o n t r o l l e d  i n i t i a l l y  by t h e  r a t e  of mass t r a n s f e r  from t h e  gas  
phase t o  t h e  s u r f a c e  of  t h e  s o r b e n t s .  A t  later t imes t h e  ra te  i s  
c o n t r o l l e d  by d i f f u s i o n  through micropores i n  h igh  s u r f a c e  area 
sorbents  and by chemical r e a c t i o n  i n  moderate and low s u r f a c e  a r e a  
sorbents .  The presence  of H2S and t r a c e  metal  i m p u r i t i e s  d i d  not  
a f f e c t  s i g n i f i c a n t l y  t h e  performance of t h e  s o r b e n t s .  The c o s t  of 
HC1 removal us ing  n a t u r a l l y  occurr ing  mineral ,  n a h c o l i t e ,  i s  very 
l o w .  

The rate o f  r e a c t i o n  i s  
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Figure 1. Schematic diagram of thin bed reactor for studying HCI removal. 
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Figure 2. Examples of HCI Breakthrough Curves for Various Sorbents at 525°C 
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Figure 3 Plot of logarithm of unreacted fraction with time 
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